Purpose of review Osteochondral lesions of the talus (OLT) are common injuries in athletes. The purpose of this study is to comprehensively review the clinical results and return to sport capacity in athletes following treatment for OLT. Recent findings Reparative procedures, such as bone marrow stimulation, and replacement procedures, such as autologous osteochondral transplantation, provide good clinical outcomes in short-and mid-term follow-up in the athlete. Recently, biological augmentation and scaffold-based therapies have been shown to improve clinical and radiological outcomes in OLT in both the general population and athletes. Summary Most studies are of a low level of evidence. Studies analyzing the return to sport capability in athletes are further lacking. High-level evidence and well-designed clinical trials are required to establish the most effective treatment protocol.
Introduction
Osteochondral lesions of the talus (OLT) are the most common ankle articular cartilage injury. OLT occur in up to 50% of acute ankle sprains and are frequently associated with sports-related injuries [1] . While ankle injuries are suffered by approximately 1 per 10,000 people in the general US population per day, the athletic injury rate is much higher at 5.2 injuries per 10,000 athlete exposures and as high as 9.4 injuries per 10,000 athlete exposures during competitive events [2, 3] .
Recent clinical evidence has suggested that operative treatment of OLT provides good-to-excellent clinical outcomes in up to 85% of cases [4] . However, concerns regarding longterm outcomes and biologic deterioration of the repair still remain. In particular, despite the high frequency of OLT in the athletic population, little is reported regarding return to sport following surgical treatment of OLT in this population.
This comprehensive review provides an evidence-based overview of clinical results following the operative treatments for OLT in the athletic population.
Conservative treatment
Conservative treatment strategies are indicated as the primary treatment for symptomatic patients with OLT. The treatment traditionally consists of one or more regimens, which include rest, restriction of activities, immobilization, and non-steroidal anti-inflammatory drugs (NSAIDs). A systematic review by Zengerink et al. [4] reported that 45% of patients had successful outcomes when conservatively treated with a weightbearing as tolerated protocol. The authors also demonstrated that 53% of patients who underwent cast immobilization for a duration of 3 weeks to 4 months reported successful clinical outcomes. However, almost all studies are dated back more than 20 years and success was determined by symptomatic complaints, not on the physiological healing of the OLT nor on the ability of an athlete to return to sport. Recently, platelet-rich plasma (PRP) has been employed as a conservative treatment option for OLT, with reduced pain and improved function after intra-articular injection. In a prospective study, Mei-Dan et al. [5] compared the short-term clinical efficacy of hyaluronic acid injections with PRP injections for OLT in 32 patients and reported that the PRP group had significantly better clinical outcomes.
As most patients with a symptomatic OLT will have had some form of trauma, ligamentous stability should be addressed. Triple-phase rehabilitation is the most common and most effective physical therapy for most ankle sprains. In addition, closed-chain balance and proprioception activities, along with peroneal muscle strengthening, improve neuromuscular control of the ankle, preventing recurrence [6] . External ankle supports using tape or orthosis are also effective in the early stages of rehabilitation but have limited role in long-term treatment [7] .
Although conservative treatment may relieve symptoms in the short term, the long-term outcome of these treatment strategies has not been established. In addition, little evidence is available in the conservative treatment for OLT in the athletic population. To draw definitive conclusions, further welldesigned clinical trials of high methodological quality are required.
Operative treatment
A wide variety of procedures have been described for the operative treatment of OLT. Conventionally, operative treatment for OLT can be divided into two broad categories: reparative procedures, including bone marrow stimulation (BMS), and replacement procedures, including autologous osteochondral transplantation (AOT). Current indication to proceed with either BMS or AOT is primarily based on the size of the lesion. It is traditionally accepted that smaller lesions up to 150 mm 2 in size or 15 mm in diameter are treated with BMS [8, 9] and larger lesions are treated with AOT [10] . In addition, there has been recent evidence recommending AOT for the treatment after failed BMS [11] . However, recently this traditional paradigm has been challenged. In a consensus paper from the society for cartilage repair of the ankle, the optimal indication sizes to treat with BMS were established as those lesions of 10 mm or less [12] .
While BMS is a common technique, the process promotes a fibrous cartilage healing response that is biomechanically inferior to hyaline cartilage. This led to the establishment of autologous chondrocyte implantation (ACI) to regenerate damaged cartilage with hyaline-like tissue. More recently, various techniques relying on engineered scaffolds, such as matrix-induced autologous chondrocyte implantation (MACI), autologous matrix-induced chondrogenesis (AMIC), and bone marrow-derived cells transplantation (BMDCT), have been developed.
Reparative procedure
Bone marrow stimulation BMS is a reparative technique that aims to promote the formation of regenerative fibrous cartilage repair tissue in the osteochondral defect. BMS is performed arthroscopically in the following steps: (1) debridement of unstable cartilage and necrotic bone, (2) debridement of the calcified cartilage layer, and (3) creating several holes in the subchondral bone plate (SBP) at 3-to 4-mm intervals using microfracture pick or small-diameter drill (Fig. 1 ). This procedure is low cost, technically undemanding, and minimally invasive. Several clinical studies have shown that approximately 85% of patients that underwent BMS reported good-toexcellent clinical results at short-and mid-term outcomes [1, 4, 13] . Two studies have shown the long-term results of BMS. Van Bergen et al. [14] reported the long-term clinical outcomes of 50 patients with a mean follow-up of 141 months. The authors demonstrated that the median American Orthopaedic Foot & Ankle Society (AOFAS) ankle-hindfoot score was 88 out of 100 possible points. Polat et al. [15• ] in a study of 82 patients at a mean 121-month follow-up reported that 42.6% of patients had no symptoms and 23.1% had pain after walking more than 2 h or after competitive sports activities.
In the athletic populations, Saxena et al. [16] demonstrated that out of 26 patients, the AOFAS score was 94 and return to high-demand sports activity occurred at a mean 15.1 weeks. The authors reported that anterolateral lesions had significantly faster return to sports activity and higher clinical outcomes compared with other lesion locations. Seijas et al. [17] reported excellent clinical outcomes of 16 soccer players with a mean follow-up of 3.6 years and resumption of sports activities at preinjury level in 93.8% of patients. Many investigators have supported good functional outcomes following BMS with short-and mid-term follow-up in athletes [14, 16, 17] . Nevertheless, there is a distinct lack of long-term data in athletic populations.
Despite successful outcomes following BMS for OLT, it is of increasing concern that deterioration of reparative fibrous cartilage tissue is inevitable over time [18] [19] [20] . Ferkel et al. [18] found deterioration of clinical scores in up to 35% of patients within 5 years following BMS. Lee et al. [19] reported that only 30% of patients had integration of the repair tissue with the surrounding native cartilage at second look arthroscopy 12 months after BMS. Van Bergen et al. [14] reported that 33% of patients showed progression of osteoarthritis by one grade on standard radiographs with a mean follow-up of 141 months.
Both mechanical and biologic factors are considered as causative for deterioration of reparative fibrous cartilage over time. Mechanically, regenerated fibrous cartilage is inferior to hyaline cartilage [21, 22] . Subchondral bone that has cross talk with articular cartilage [23, 24] may not restore after the subchondral bone plate is damaged by BMS in animal osteochondral models [25, 26] . In a human clinical study, Reilingh et al. [26] recently revealed that subchondral bone was not filled completely in 78.6% of OLT at 1 year after BMS. In both animal and clinical studies, the subchondral bone is not likely to adequately remodel, suggesting it may be important to reduce the damage to the subchondral bone in order to improve long-term outcomes. In accordance with this premise, recent studies have focused on the diameter and depth of microfracture and drilling to improve overall outcome with an emphasis on both the quality of the cartilage repair tissue and the restorative morphology of the subchondral bone [27] [28] [29] [30] [31] .
Unfortunately, the methodological quality of clinical studies and reported outcomes may be insufficient to accurately assess the outcome of BMS. A systematic review by Hannon et al. found gross inconsistencies and an underreporting of data between these studies on BMS [32] , making long-term meaningful analysis challenging.
Autologous chondrocyte implantation
ACI is categorized as a reparative procedure. Historically, ACI was first developed for knee cartilage injury and subsequently has been indicated for OLT patients who had larger lesions or failed prior BMS surgery. The aim of this operative technique is to regenerate damaged cartilage with hyaline-like tissue [33] . ACI is a cell-based, two-stage procedure. In the first procedure, healthy articular cartilage is harvested and the chondrocytes isolated by filtration are cultured for approximately 2 to 3 weeks [34] . In the second step, viable cultured chondrocytes are implanted into the defect site and covered by a periosteal flap harvested from the distal end of the tibia, facilitating a hyaline-like repair tissue. The disadvantages of ACI include the need for two surgical procedures, which increases the cost and the potential for morbidity while it decreases durability of the graft [2] . Overgrowth of repair tissue which most likely represented periosteal hypertrophy is also an inherent disadvantage [35] .
In a recent systematic review, Niemeyer et al. [36] evaluated the effectiveness of ACI for OLT treatment and reported a clinical success rate of 89.9% in 213 patients included in 16 level IV studies. Battaglia et al. [37] evaluated 20 patients following ACI at a mean follow-up of 5 years and found that the mean AOFAS score improved from 59 preoperatively to 84 postoperatively. The authors found that, on MRI evaluation, all patients showed a T2 mapping value consistent with normal hyaline cartilage. Kwak et al. [38] reported that 21 of 29 patients who underwent ACI with a mean lesion size of 198 mm 2 had good-to-excellent clinical outcomes at a mean follow-up of 70 months. Additionally, it was found that the mean Tegner activity score improved from 1.6 to 4.3. Giannini et al. [34] reported clinical and MRI outcomes at a 10-year follow-up following ACI for OLT. The authors evaluated 10 OLT patients with a mean lesion size of 3.1 cm 2 treated with ACI at a mean follow-up of 119 months. It was reported that the AOFAS score improved from 37.9 preoperatively to 92.7 postoperatively with well-modeled restoration of the articular surface on MRI. In addition, among the eight patients who played sports, five resumed sports at preinjury level, two resumed sports at a lower level, and one patient gave up sports.
Matrix-induced autologous chondrocyte implantation
MACI is a second generation of ACI. Similar to ACI, MACI is a two-stage procedure, but the periosteal flap is replaced by biodegradable polymer scaffolds. The chondrocytes are embedded in a scaffold, which contains type I/III collagen, hyaluronan, and polyglycolic/polylactic acid [39, 40] and is placed over the cartilage defect, not requiring fixation with sutures. Traditional ACI procedure requires a tibial or fibular osteotomy and is associated with intrinsic limitations, increasing harvesting and suturing of the periosteum, delamination of the graft, and periosteal hypertrophy [41] . The advantage of MACI, however, is that the periosteal graft harvest is avoided, and the procedure can be performed arthroscopically allowing for a shorter surgery and less morbidity.
Evidence in the literature has demonstrated arthroscopic MACI as a safe alternative for the treatment of OLT with good overall clinical and radiologic results. Giza et al. [39] assessed the clinical outcome following MACI in 10 patients over 2 years. The mean AOFAS score improved by 13 points after 1 year and was maintained after 2 years. Aurich et al. [42] reported, in a case series of 19 ankles, significant improvement of the AOFAS score from 58.6 to 80.4 at a mean followup of 24 months. In the athletic population, 81% patients returned to sports after MACI, of which 56% returned to preinjury level. In an additional study, Magnan et al. [43] evaluated 30 patients with a mean lesion size of 2.36 cm 2 . The mean AOFAS score improved from 36.9 preoperatively to 83.9 postoperatively, and 50% patients returned to previous sports. Giannini et al. [44] reported, in what we believe to be the largest case series with the longest follow-up, a study involving 46 ankles with a mean follow-up of 87.2 months. The authors reported that the mean AOFAS score was 92 at final follow-up. Among 25 patients who practiced sports, 20 returned to preinjury sports level, 3 resumed the same sport at a lower level, 2 shifted to a non-contact sport, and 4 patients gave up sports. Four professional soccer players included in the study were all able to resume their previous activity. Currently, this procedure is not approved in the USA for generalized use.
Autologous matrix-induced chondrogenesis
AMIC is a one-step scaffold-based therapy that combines BMS with the use of a porcine collagen I/III matrix. Despite AMIC showing good functional outcomes in the literature, most studies are small case series and, to our knowledge, no study has described the long-term outcomes. Kubosch et al. [45] reported 17 patients following AMIC for medial OLT with a mean 39.5 months of follow-up and found that the mean postoperative AOFAS score was 82.6 and the Magnetic Resonance Observation of Cartilage Repair Tissue (MOCART) score was 52.7. MRI assessment demonstrated a good quality of regenerative tissue similar to the MRI ultrastructure of the surrounding cartilage. Wiewiorski et al. [46] investigated the outcomes of 23 patients at a mean of 23 months postoperatively and reported the improvement of mean AOFAS scores from 60.3 to 90.9. The mean MOCART score at follow-up was 62.6. In a recent case series by Valderrabano et al. [47] , the mean AOFAS score improved from 60 to 89 in 26 patients who underwent AMIC. The authors reported that 35% of patients had complete filling of the defect and 84% of patients had normal or nearly normal signal intensity of the repair tissue compared with the adjacent native cartilage on MRI. The authors also assessed the athletic population and reported that 45% of patients participating in sports activity before surgery returned to previous activity level at follow-up.
Bone marrow-derived cell transplantation
Bone marrow-derived cell transplantation (BMDCT), a combination of concentrated bone marrow aspirate (CBMA) and scaffold material, is also a one-step procedure that has been proposed as an alternative procedure capable of repairing a defect with hyaline cartilage [48] . Several clinical studies have shown that clinical outcomes improved using this procedure [49] [50] [51] [52] [53] 54 •]. Giannini et al. [53] evaluated patients who underwent BMDCT and demonstrated improved AOFAS scores from 63.7 to 82.2 in 49 patients at a mean follow-up of 48 months.
More recently, Vannini et al. [54• ] reported a case series completely focused on the return to sports of athletes with OLT treated with a one-step BMDCT procedure. They demonstrated that in 140 athletes, the mean AOFAS score improved from 58.7 preoperatively to 90.9 at 48 months after surgery. At the final follow-up, 72.8% were able to resume sports at preinjury level. Buda et al. [52] compared clinical outcomes of two clusters of patients who underwent ACI or BMDCT for OLT and demonstrated that clinical results were similar in both groups at 48 months of follow-up. The rate of return to sports activity showed slightly better results for BMDCT compared to ACI; however, the difference was not statistically significant.
The timing of return to sports activity following BMDCT in the athletes may appear shorter than in ACI because of the advantage of a single surgical stage. Similarly, the period is longer when compared with BMS as would be expected [16, 54•, 55-56] .
Replacement procedure Autologous osteochondral transplantation
AOT is a cartilage replacement treatment performed by inserting a cylindrical osteochondral graft typically harvested from a non-weightbearing portion of the ipsilateral knee into the prepared site of the defect on the talus. The goal of this procedure is to reproduce the mechanical, structural, and biochemical properties of the native hyaline articular cartilage. This technique is typically carried out in the following steps: (1) tibial osteotomy to provide a visualization of lesion, (2) removal of the talar lesion trephine with controlled taps of the mallet, (3) BMS to the surrounding healthy bone followed by overdrill to make the recipient site slightly longer than the harvested graft, (4) harvesting of the osteochondral graft from a non-weightbearing portion of the ipsilateral femoral condyle, and (5) insertion of the graft into the created recipient site (Figs. 2 and 3) .
Several studies have reported good clinical outcomes following AOT at both short-and mid-term follow-up [10, 57, 58] . A recent case series of 85 patients who underwent AOT found improved Foot and Ankle Outcome Score (FAOS) at mean 47.2 months of follow-up and MOCART scores postoperatively at mean 24.8 months of follow-up [59] .
In the athletic population study, Fraser et al. [60•] reported improved AOFAS scores to 89.4 and found that 90% of professional athletes and 87% of recreational athletes had full return to preinjury activity levels at final follow-up of 24 months. Other studies showed that 63-85% of athletes who underwent AOT were able to return to preinjury levels of sports activity [59, 61] . However, in a study by Paul et al. [61] , patients engaged in high-impact and contact sports required a partial modification of the sporting activities and a reduction of participation. With regards to long-term followup, to our knowledge, no study has been established. Similar to BMS, there are some mechanical and biologic concerns following AOT. A biomechanical study by Fansa et al. [62] demonstrated increased contact pressure on the graft surface by almost sevenfold with a mere 1.0 mm of graft protrusion above the level of native cartilage. This study highlighted the need for accurate placement of osteochondral grafts. Additionally, the use of a tibial osteotomy carries the potential risk of mal/non-union at the site of osteotomy. Recently, Lamb et al. [63] addressed this concern and found that 94% patients were asymptomatic at the osteotomy site at a mean 34.5 months of follow-up and T2 mapping relaxation values were similar to that of the native cartilage at the osteotomy site.
With regards to biological concern, it is known that ankle fractures may cause activation of intra-articular inflammatory cytokines, which leads to progressive deterioration of OLT over time. Theoretically, this same principle may occur with malleolar osteotomy resulting in posttraumatic osteoarthritis [64] [65] [66] . Furthermore, poor integration of the graft surface with native tissue, cyst formation around the graft, and deterioration of graft cartilage over time have been reported as potential consequences following AOT procedure [63, 67, 68] . However, Savage-Elliott et al. [69] reported that that, although increasing age was related to increased cyst prevalence, the clinical impact of cyst formation was not found to be significant at a mean short-term follow-up of 15 months after AOT surgery. Gül et al. [70] also reported that the clinical outcomes following AOT with subchondral cyst formation were as successful as those without a subchondral cyst. Donor site morbidity is also a concern in some series [71] . More recent studies, however, demonstrated that OLT treated with AOT have a low incidence of donor site morbidity with good functional outcomes. Yoon et al. [11] found that 9% patients had early donor site morbidity with 100% resolution at 48 months of follow-up. Fraser et al. [72] reported a retrospective case series of 39 patients who underwent AOT and demonstrated that at mean 41.8 months of follow-up, donor site morbidity was present in only 5% of patients and Lysholm scores for the entire cohort were at 99.4 at final follow-up.
Osteochondral allograft transplantation
Osteochondral allograft transplantation is a similar replacement procedure in which a graft of articular cartilage and bone is taken from a cadaveric donor. Generally, this procedure is considered as a rescue procedure if previous surgeries fail, but can be performed as a first treatment in larger lesions that cannot be successfully treated with other procedures [73] . Some surgeons prefer this procedure over AOT because it avoids donor site morbidity. Although both fresh and frozen grafts can be used, the decline in the viability of chondrocytes within frozen graft tissue has led to an increase in the use of fresh allografts.
There are several papers about osteochondral allograft transplantation for the treatment of OLT, and most are small prospective and retrospective case series [74] [75] [76] [77] [78] [79] [80] . El-Rashidy et al. [79] performed one of the largest studies in patients who received small cylindrical allografts and reported good or excellent outcomes in 28 of 38 patients at mean 37.7 months of follow-up. However, graft failure defined as the need for arthrodesis or arthroplasty occurred in four patients (11%). Using large allograft segments, Raikin et al. [75] prospectively evaluated 15 patients with a mean follow-up of 44 months and demonstrated that the mean AOFAS score had improved from 38 preoperatively to 83 postoperatively. Radiographic findings revealed evidence of collapse or resorption of the graft in 10 ankles (67%) and narrowing of the joint space overlying the graft area in 9 ankles (60%). Haene et al. [80] reported that only 10 of 17 cases had good or excellent results at a mean follow-up of 4.1 years. The results of this procedure in the athletic population have not been reported.
Cartilage allograft
DeNovo NT (Zimmer Biomet, Inc., Warsaw, IN) is a prepacked, particulate juvenile cartilage allograft from donors aged younger than 13 years, more often below 2 years of age. The theory behind DeNovo NT is that juvenile chondrocytes have the potential with higher metabolic activity level to reproduce more hyaline cartilage than adult chondrocyte [81] . Several in vitro studies demonstrated that juvenile cartilage was superior to adult cartilage in terms of chondrogenesis [82] [83] [84] . However, no published animal studies have investigated the histological and structural behavior of particulate juvenile cartilage allograft implantation in osteochondral defects. DeNovo NT is indicated for large lesions or patients who have failed previous BMS procedure. Coetzee et al. [85] reported clinical outcomes of 24 OCLs with an average lesion size of 125 mm 2 at an average of 16.2 months of follow-up. The average AOFAS score at final follow-up was 85 with 78% ankles demonstrating good or excellent scores. One partial graft delamination was reported at 16 months. The largest case series to date by Drakos et al. [86] evaluated 50 patients at a 2-year follow-up and found that clinical outcomes were similar to microfracture alone at the 2-year follow-up. The role of particulate juvenile cartilage allograft remains therefore to be determined. Longerterm outcomes may show prolongation of the cartilage phenotype when compared to BMS alone, but level I and level II studies need to be done before meaningful conclusions can be drawn.
BioCartilage (Arthrex, Inc. Nales, FL) is an extracellular matrix cartilage allograft. It contains an allogeneic extracellular matrix and includes type II collagen, proteoglycans, and cartilaginous growth factors. Fortier et al. [87] reported that BioCartilage with PRP safely improved cartilage repair compared with microfracture alone in an equine model with up to 13 months of follow-up. In clinical studies, Desai et al. [88] reported a case series of nine patients with an average lesion size of 132 mm 2 . At an average of 12 months of follow-up, seven of nine patients reported excellent outcomes with no functional limitations. The long-term data on this procedure is also lacking. Further well-designed comparative studies with sufficient quality and level of evidence will be required to substantiate its widespread use in the treatment of OLT.
Biologic augmentation
Platelet-rich plasma PRP is an autologous blood product that contains at least twice the concentration of platelets above the baseline value, or >1.1 × 10 6 platelets per microliter. Platelets contain numerous growth factors and cytokines that play an essential role in tissue healing, such as transforming growth factor, vascular endothelial growth factor, fibroblast growth factor, and platelet-derived growth factor [89] .
The current basic science evidence with in vitro and in vivo studies suggests that PRP has positive effects on cartilage repair. A systematic review by Smyth et al. [90] examined the evidence for the use of PRP for cartilage repair. The authors concluded that 18 of 21 (85.7%) basic science papers reported positive effects of PRP on cartilage repair and a proof of concept was established. Additionally, Smyth et al. [91] found in a rabbit model that application of PRP at the time of AOT improved the integration of the osteochondral graft at the cartilage interface and decreased graft degeneration.
In clinical investigations, several comparative studies have examined the use of PRP for OLT. Guney et al. [92] performed a randomized prospective controlled trial comparing the clinical and functional outcomes of 16 patients treated with BMS alone and 19 patients treated with BMS using PRP. They reported that BMS with the PRP group had better functional outcomes than the BMS-alone group. In addition, Görmeli et al. [93] compared, in a prospective randomized clinical trial, the effects of hyaluronic acid (HA) and PRP injections after BMS for OLT. It was found that PRP injection provided significantly better clinical outcomes than HA or saline injection at a mean 15.3 months of follow-up. Although few comparative studies are available in the published literature, these results suggest that the use of PRP combined with the operative treatment for OLT may improve clinical and functional outcomes.
Concentrated bone marrow aspirate
CBMA has been used to deliver mesenchymal stem cells (MSCs) to damaged cartilage to augment cartilage repair. CBMA is produced by centrifugation of the bone marrow aspirate, typically harvested from the iliac crest, at the same time of the surgery. In addition to MSCs, the bone marrow aspirate contains growth factors and cytokines that have the ability to induce chondrocyte differentiation.
The use of CBMA as an adjunct to the treatment for OLT has been investigated in both in vivo models and a clinical study. In the equine model, improved cartilage healing has been demonstrated both histologically and radiologically in groups receiving CBMA at the time of BMS, compared with groups receiving BMS alone [94] . In addition, similar results were reported in a goat model when using BMS combination with CBMA and HA [95] . Clinically, Hannon et al. [96] compared mid-term functional outcomes of patients who underwent BMS for OLT with and without CBMA. The authors reported that BMS with CBMA resulted in comparably good mid-term functional outcomes, but improved border repair tissue integration with less evidence of fissuring and fibrillation on MRI, compared to BMS alone. Kennedy et al. [10] reported significant improvement of clinical outcomes in 72 patients who underwent AOT with CBMA at a mean 28 months of follow-up. They also demonstrated that restoration of the radius of curvature and color stratification similar to that of native cartilage were found on MRI using T2 mapping. Overall, current evidence suggests that CBMA as an adjunct to the treatment for OLT can improve cartilage repair. In a recent study by Cassano et al. [97] , the authors demonstrated high levels of interleukin 1 receptor antagonist protein in CBMA. This suggests that CBMA is a very potent anti-inflammatory as well as possessing chondrogenic capability. This antiinflammatory component may have a joint trophic effect that reduces the catabolic effect on the joint as a whole.
Early return to sports is a crucial outcome measure for athletes, but the authors believe that the quality of repaired cartilage is essential in both professional and recreational athletes alike. Consequently, return to sports following the operative treatment for OLT is based on clinical symptoms, MRI evaluation, and the type of sports played. Most patients treated with either reparative procedures or replacement procedures will start training 3 months post surgery with sports-specific training at 6 months. In certain cases, patients will be back at sports at 6 months but many may require a full 12 months of rehabilitation. The prognostic factors for early return to sports have been established as younger age, lower body mass index, smaller OLT size, and coordinated physical therapy [16, 98] .
Summary
The surgical treatment of OLT still remains controversial. Although reparative and replacement procedures provide good outcomes in the treatment for OLT in short-and mid-term follow-up in the athlete, outcomes in the long term lack evidence. Biologic augmentation appears to be promising and has shown to improve outcomes in OLT in the general population, which could potentially extend to athletes. However, there is a risk of bias when assessing clinical outcomes following the treatment of OLT because most studies are of a low level of evidence. The current evidence-based review of the literature demonstrated both reparative and replacement procedures for the treatment of OLT in athletes with satisfactory clinical outcomes; however, highlevel evidence and well-designed clinical trials are required to establish the most effective treatment.
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